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lNTROWCT1 ON 

Past aerial launchings of research airplanes have been made from 
In the case of the tke center-line location of the carrier airplane. 

X-15/B-52 combination the carry location chosen is beneath the 18- 
percent-semispan station of the right wing between the fuselage and the 
inboard engine nacelle. The reason for the choice of this location has 
been stated previously in the "X-15 Research Airplane Development 
Status" paper. With sucn an asymmetrical location, questions immedi- 
ately arise as to the carry and launching safety and the aerodynamic- 
loads problems confronting the combination. 

Investigations were therefore undertaken by the National Advisory 
Comittee for Aeronautics to determine (1) the carry loads and mutual 
aerodynamic interference effects from high-speed wind-tunnel tests and 
(2) the drop characteristics of the X-15 through the B-52 flow field 
frcm low-speed dynamic-model drop tests and six-degree-of-freedom cal- 
culations. 
results of these investigations. I' The purpose of this paper is to present briefly the major 

SYMBOLS 

=R-52 

9 - 1 5  

'D, trim 

R 

M 

cZ 

Cn 

angle of attack of B-52- water line, deg 

angle of attack of X - l 5  center line, deg 

drag coefficient that corresponds to zero pitching moment 
( t r i m )  

Reynolds number 

Mach number 

rolling-moment coefficient 

yawing-moment coefficient 
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a l t i t u d e ,  f t  

l i f t  c o e f f i c i e n t  

pitching-moment coe f f i c i en t  

l i f t ,  l b  

p i t ch ing  moment, f t - l b  

yawing moment, f t - l b  

r o l l i n g  moment, f t - l b  

dynamic pressure  

d i s t a n c e  along Z-axis, f t  

i n i t i a l  angle of a t tack  of X-15, deg 

weight,  l b  

p i t c h  angle, deg 

v e l o c i t y ,  f t / s e c  

yaw angle ,  deg 

roll angle ,  deg 

HIGX-SPEED."NEL TESTS AND RESULTS 

A drawing of t h e  X-l?/B-52 combination i s  presented  i n  figure 1. 
Here t h e  X-15 is shown pylon mounted on the  B-52 i n  t h e  c a r r y  loca t ion .  
The de t a i l  ske tch  shows t h e  ou t l ine  of t h e  B-52 King c u t  ou t  t o  accom- 
modate the  X-15  v e r t i c a l  t a i l  and t h e  three p o i n t s  of suspension. TY,e 
top and f r o n t  views show t h e  longi tudinal  and spanwise r e l a t i v e  loc&- 
t i o n  of t h e  t w o  a i rp l anes .  
the  combination mounted i n  t h e  Langley high-speed 7- by 10-foot  
tunnel  is  shown i n  figure 2. 
wi th  six-component s t ra in-gage  balances, wi th  t h e  B-52 model having 
a d d i t i o n a l  s t r a i n  gages and a pressure gage loca ted  i n  the r i g h t  
h o r i z o n t a l - t a i l  pane l  t o  ob ta in  a q u a l i t a t i v e  measure cf t a i l  buffet 
as a f f e c t e d  by the  X-15 i n s t a l l a t i o n .  Some r e s u l t s  of t h e s e  buffet 

A photograph of t h e  l/ltO-scale models of 

Both models were i n t e r n a l l y  instrumented 
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tests will be presented subsequently i n  t h e  paper by Messrs. Runyan and 
Sweet. The parameters var ied  in  these wind-tunnel tes ts  were: Mach 
number, angles of a t t a c k  and s ides l ip ,  and con t ro l  d e f l e c t i o n s  of both 
models. I n  add i t ion ,  t e s t s  were made v i t h  t h e  X-15 model mounted i n  
t h e  presence of t h e  B-52 by means of a s t i n g  so that the  e f f e c t s  of 
separa t ion  d i s t a n c e  between t h e  a i rp l ane  models could be determined. 

Presented i n  figures 3 and 4 are  the e f f e c t s  of t h e  X-15 on the  
B-52 aerodynamic c h a r a c t e r i s t i c s  for  l ong i tud ina l  t r i m  a t  a Mach nun- 
ber of  0.75 and a Reynolds numbei of 2.25 x 106. 
lift and drag c o e f f i c i e n t s  and f igure  4 presen t s  t h e  r o l l i n g -  and 
Saving-moment c o e f f i c i e n t s  p lo t t ed  against  t h e  angle  of a t t a c k  of  t he  
9-72 fuse lage  waterline. 
( w i t h  wing cu tou t )  and t h e  dashed curves r ep resen t  t h e  combination of 
t h e  B-52 and t h e  X-15.  
root  incidence of 6 O  r e l a t i v e  t o  the fuse lage  and hence t h e  angle  of 
a t t a c k  f o r  zero l i f t  ( f i g .  3) i s  approximately -6' on t h e  a - s c a l e .  The 
c r u i s e  angle-of -a t tack  range t o  be s tudied is ind ica t ed  i n  bo th  fig- 
ures  3 and 4 by t h e  arrows. 
t i a l l y  no change i n  t h e  pitching-moment c h a r a c t e r i s t i c s ,  and p i tch ing-  
moment da t a  t h e r e f o r e  are not  presented. 
the X - 1 5  is  a n  increase  of approximately 30 percent  in  minimum t r i m  
drag and 15 percent  i n  t h e  c r u i s e  range. 
t o  accommodate t h e  X-15 v e r t i c a l  t a i l  caused small right-wing-down 
r o l l i n g  moments and small nose-r ight  yaving moments. 
t h e  X-13 reduced both  the  r o l l i n g  and yawing moments. The maximum 
r o l l i n g  momcnt ind ica ted  would requi re  less t h a n  0.1 pe rcen t  s p o i l e r  
d e f l e c t i o n  f o r  t r i m ,  ant1 t h e  yawing moments correspond t o  less than 
0.1' i n  s i d e s l i p  angle .  

F igure  3 p re sen t s  t he  

The s o l i d  curves r ep resen t  t he  B-52 alone 

It should be noted t h a t  t he  B-52 wing has a 

The addi t ion of t h e  X - 1 5  produced essen- 

The most noteworthy e f f e c t  of 

The cu tout  i n  t h e  B-52 wing 

The a d d i t i o n  of 

The e f f e c t s  of Mach Runber on t h e  X-15 aerodynamic c h a r a c t e r i s t i c s  
The l ift and pitching-moment c o e f f i -  a r e  presented i n  figures 5 and 6. 

c i e n t s  are presented  i n  figure 'j and the  r o l l i n g -  end yawing-moment 
c o e f f i c i e n t s  are presented i n  f i g u r e  6. 
aga ins t  angle  of a t t a c k  of the combination w i t h  t he  lower a - s c a l e  
r e f e r r e d  t o  t h e  X-15  center  l i n e  and t h e  upper a - s c a l e  r e f e r r e d  t o  the 
B-52 wate r l ine .  As would be surmised from p a s t  f low- in te r fe rence  expe- 
r i ence  ( r e f .  l) ,  t h e  e f f e c t  of increasing Mach number g e n e r a l l y  caused 
l a r g e r  magnitudes a n d  v a r i a t i o n s  w i t h  a f o r  a l l  aerodynamic c o e f f i -  
c i e n t s .  Note that t h e  rolling-moment c o e f f i c i e n t  u sua l ly  decreases  
w i t h  i nc reas ing  angle  of a t tack.  

A l l  c o e f f i c i e n t s  are p l o t t e d  

The e f f e c t s  of t h e  B-52 f l G w  f i e l d  on t h e  X-15 aerodynamic loads 
f o r  a Mach number of 0.75 and an assumed a l t i t u d e  of 38,000 f e e t  are 
presented i n  figures 7 arid 8. 
t h e  p i t c h i n g ,  r o l l i n g ,  and yawing moments i n  foot-pounds are p l o t t e d  
as func t ions  of  t h e  angle  of a t t a c k  of  the  combination. The s o l i d  
curves are the  free-s t reem loads and the  dashed curves r ep resen t  t he  

I n  these f i g u r e s  t h e  l i f t  i n  pounds and 
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X-15  loads in the carry location. 
load to approximately one-third of the free-streem level and produced 
large nose-down pitching moments throughout the angle-of attack range. 
This lift and mcment variation for the carry location indicate a load- 
center movement from 145 percent mean aerodynamic chord ahead of the 
center of gravity at to 110 percent mean aerodynaniic chord 
behind the center of gravity at 
a = -4' is as would be expected to result from downflow on the fore- 
body of the X-15 .  At a = 4O, however, theoretical studies indicate 
that the pitching moments should be or  tend to be positive because of 
downflow on the X-15 tail induced by the E-52 wing. The large nega- 
tive moment is therefore presumed t o  result fros a localized upflow 
induced by the cutout in the B-52 wing to accomodate the vertical tail 
of the X - 1 5 .  Additional data obtained with a larger cutout indicate 
such a "flow-sink" effect. Although sizable yawing moments are in 
evidence at the extreme angles, the moment is small at a = lo, which 
is the design drop angle. A particular point to note is the large 
right-uing-down rolling moments that decrease with increased angle of 
attack. 

The B-52 flow field reduced the lift 

a = -40 
a = 4'. The negative moment at 

The effects of separation distance between the X-15 and B-52 air- 
planes are presented in figures 9 and 10. The abscissa for these 
curves is the separation distance z in feet. The ordinates are lift 
in pounds and the pitching, rolling, and yauing moments in foot-pouAs. 
The conditions shown are for design launch conditions, that is, an 
altitude of 38,000 feet, a Mach number of 0.75, and an X-15 center- 
line angle of attack of lo. 
cated for all components except the yawing moment, these inputs dimin- 
ished rapidly with small changes in distance. An interesting point to 
note is the initial decrease in t h e  lift. The reason for this decrease 
is not completely understood, although It is presumed to be associated 
with the movement of horizontal, tail out of the localized region of 
upuash generated by the cutout in the B-52 wing. 

Although large initial Inputs are indi- 

DYNAMIC-MODEL D30P TESTS AND RESULTS 

. 
1' 

The dynamic-model drop tests made to determine launch safety and 
drop characteristics utilized the constant Froude number similarity 
technique (ref. 2). In this procedure the models are ballasted and 
the free-stream velocity is reduced so that model and prototype trans- 
lational accelerations are equal, whereby similar trajectory time his- 
tories are produced. 
determined from this simulation because of incompatible velocity 

The effects of Mach number cannot, however, be 
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c r i t e r i a .  
the drop tes ts  for both the  empty-weight and t h e  fu i l -weight  conditions. '  

Motion-picture records were obtained t o  show the  r e s u l t s  of 

- Drop tests made to  determine the  e f f e c t  of s i d e s l i p  ind ica ted  that 
s i g n i f i c a n t  rolling motions were induced but  were not considered t o  be 
c r i t i c a l .  Photographic records of the  X-15 v e r t i c a l - t a i l  motions i n  
t h e  B-52 wing cu tou t  ind ica ted  adequate c learance  for a l l  condi t ions  
inves t iga ted .  
be expected f o r  a l l  fully loaded condi t ions.  
veight-empty condi t ion  if nose-up p i t c h  c o n t r o l  is  avoided. 

The drop- t e s t s  results ind ica t ed  that  safe drops should 
The same is t r u e  for  the  

DROP TRAJECTORY CALCULATIONS 

I n  o rder  t o  determine the  e f f e c t s  of Mach number and a l t i t u d e  a t  
the higher Mach numbers, six-degree-of-freesom c a l c u l a t i o n s  were made 
on t h e  IB4 704 e l e c t r o n i c  computer. 
t hese  c a l c u l a t i o n s  were obtained from t h e  high-speed tunne l  r e s u l t s .  
The n a t u r a l  f i r s t  i n c l i n a t i o n  i n  such a program is t o  compare ca l cu la t ed  
drop motions w i t h  t h e  dynamic-model rirop-test  resul ts .  
and 12 present  such a comparison. 
i n  seconds and t h e  o rd ina te s  are separat ion d i s t a n c e  
p i t c h  angle 9 ,  r o l l  angle  4, and yaw ang le  $ i n  degrees .  The s o l i d  
curves represent  t h e  experimental  drop c h a r a c t e r i s t i c s  and the  dashed 
curves r ep resen t  t h e  ca l cu la t ed  r e s u l t s .  The  c a l c u l a t e d  r e s u l t s  under- 
p red ic t  t h e  v a r i a t i o n s  i n  separat ion d i s t ance ;  agree  w e l l  with t h e  
experimental pitch and yaw angles; and, i n i t i a l l y  underpredic t  and 
then overpredic t  roll angle .  
v e l o c i t i e s  of approximately l5O and 20' per  second f o r  t h e  ca l cu la t ed  
and experimental  r e su l t s ,  respec t ive ly .  Considerat ion of t h e  parame- 
ters t o  be es t imated  i n  ca lcu la t ions  such as t hese  i n d i c a t e s  t h a t  t h e  
cCi'lt_-lation of t h e  r e su l t s  of  the  best  a v a i l a b l e  techniques and the  
exper inenta l  r e s u l t s  i s  acceptable .  

The s t a t i c  aerGdynamic inputs  for 

Figures  li 
The a b s c i s s a s  are f u l l - s c a l e  time 

i n  f e e t  and z 

The r o l l  t i m e  h i s t o r i e s  i n d i c a t e  r o l l i n g  

The c a l c u l a t e d  X-15 drop m o t i o n s  f o r  two Mach numbers a r e  p re -  

The assumed 
sented i n  figures 13 and 14 .  
roll, and yaw ang les  are p l o t t e d  as func t ions  of t i m e .  
condi t ions  are an  a l t i t u d e  of 38,000 f e e t  and fu l l -weight  charac te r -  
i s t ics .  The solid curves represent  motions a t  M = 0.60 and t h e  
dashed curves r ep resen t  motions a t  M = 0.75. It should be noted i n  
t h i s  and t h e  remaining figures t h a t  t h e  B-52 a i r p l a n e  is assumed i n  
s t r a i g h t  and level f l i g h t  and therefore  t h e  e f f e c t  of changing t h e  p r i -  
mary v a r i a b l e  produced a t t endan t  changed i n  o t h e r s .  
changing Mach number caused changes i n  u and q.  The i n i t i a l  X-15 

Again, t h e  sepa ra t ion  d i s t a n c e  and p i t ch ,  

I n  t h i s  cese  

~~ ~ - 

lThese results are presented  i n  film L-344, which is available on 
loan from NACA Headquarters.  
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angle  of a t t a c k  a. and the  B-52 t r i m  angles of a t t a c k  %-52 are 
l i s t e d  f o r  re ference  i r  the  legend. Increasing Mach number cauced 
only small changes i n  z and $, reduced the  8-motion somewhat, b u t  
reversed the  r o l l i n g  motion fl. The i n i t i a l l y  smaller roll engle 
e x i s t i n g  a t  M = c1.60 
and the re fo re  lower rolling-mm,ent input .  

is due primarily t o  t h e  higher  ang le  of a t t a c k  

Presented i n  f igu res  lg and 16 are t h e  ca l cu la t ed  X-15  drop 
motions a t  two a l t i t u d e s .  
t he  previous f igu res .  The assumed condi t ions are t h e  fu l l -weight  char -  
a c t e r i s t i c s  and a Mach number of 0.75, The s o l i d  c&ve r ep resen t s  
30,000 f e e t  and the  dashed curve represents  38,000 feet. The effect  
of increas ing  a l t i t u d e  is  t o  reduce t h e  i n t e n s i t y  of t h e  motions, 
p a r t i c u l a r l y  r o l l .  T h i s  result i s  due t o  t h e  lower dynamic pressure  
assoc ia ted  w i t h  ond t h e  higher angle of a t t a c k  requi red  a t  the  higher  
a l t i t u d e .  

The parameters shown are t h e  same as for 

CONCLUDING RENARXS 

Tn sununary, r e s u l t s  of high-speed wind-tunnel tests Ind ica t e  t k . a t  
the  X-15 i n s t a l l a t i o n  increases  the B-52 drag a t  c r u i s e  condi t tons  tj. 
approximately 15 percent .  The B-52 flow f i e l d  Induces sizable changes 
i n  t h e  X-15 aerodynamic loads.  These loads are increased  wi th  Vach 
number and have s t eep  gradien ts  with separa t ion  d i s t ance .  The r e s u l t s  
of low-speed dynamic-model drop t e s t s  and six-degree-of-freedom ce lcu-  
lations ind ica ted  that s a f e  drops should be obtained.  
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X-I5 AND 8-52 MODELS IN LANGLEY HIGH-SPEED 
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Figure 2 
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EFFECT OF X-15 ON 8-52 AERODYNAMIC CHARACTERISTICS 

LONGITUDINAL; M ~ 0 . 7 5 ;  R=2.25x106 
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EFFECT OF X-15 ON 8-52 AERODYNAMIC CHARACTERlsTlcs 
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Figure 4 
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EFFECT OF MACH NUMBER ON X-15 AEROOYNAMIC CHARACTERISTICS 
LONGITUDINAL; CARRY POSITION 
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Figure 5 

EFFECT OF MACH NUMBER ON X-15 AERODYNAMIC CHARACTERISTICS 
LATERAL ; CARRY POSlTlON 

QB-52, DE6 
-0 -6 -4  -2 0 2 4 

I I l l 1  

,061 ' I 

75 - .02 om, --- .85 

Cn 
-.02 

-.Ofs 
- 4 - 2  0 2 4 6 

'X-15,  DEG 

77 

Figure 6 
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EFFECT OF 6-52 ON X-I5 MROOYNAMIC LOADS 

LONGITUDINAL ;p-0.75; h= 38,000 FT; R-0 .92  x 106 

Y. X - I 5  ON 8-52 
FT-LB -40 _ _  -- - - 

20,- x 103 I 

EFFECT OF 6-52 ON X-15 AERODYNAMIC LOADS 
LATERAL; M = 0.75 ; h :38,000 FT ; R = 0.92 X106 

Qg-52 9 DEG 
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Figure 8 
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EFFECT OF SEPARATION DISTANCE ON X-  I5 AERODYNAMIC LOADS 
LONGITUDINAL; M * 0 7 5 ,  h e 38,000 F T ,  a. a IO’ 

2 0  ~ 1 0 3  r 
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Figure 10 
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COMPARISON OF CALCULATED AND EXPERIMENTAL 
DROP MOTIONS 

L0NGITUDINAL;V CORRESPONDS TO M.0 60; h:=,OOO FT; 
ao=l 8.; W=l2,?&6 LB 
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Figure 11 

COMPARISON OF CALCULATED AND EXPERIMENTAL 
DROP MOTIONS 

LATERAL ; V CORRESPONDS TO Mz0.60 ; h=30,000 FT ; 
Uo'1.8. W z  12,366 LB 
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Figure 12 
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CALCULATED X-15 DROP MOTIONS 
FOR TWO MACH WMBERS 

LONGITUDINAL; h = 38,000 FT; W = 31,635 
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I Figure 13 

CALCULATED X-15 DROP MOTIONS 
FOR TWO MACH NUhlBERS 
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Figure 14 
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CALCULATED X-15 DROP MOTIOF S AT TWO ALTITUDES 

LONGITUDINAL; Mm0.75; W * ;5#,635 L8 

TIME, SEC 

Figure 15 

CALCULATED X-15 DROP MOTIONS AT TWO ALTlTlJDES 

LATERAL; M 0.75; W = 31,635 LB 
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Figure 16 


